1.1.1. Petrophysics Taken from the Narrative

Petrophysical analysis for 10 wells was completed using the Techlog* Wellbore Software
Platform and the Quanti.Elan* multicomponent inversion solver to estimate porosity and
permeability of the injection and confining zones targeted for carbon storage. Raw log data in
both raster and LAS form were acquired from (IHS, 2019) and (DOGGR). The log basic log data
were from wells drilled between 1942 and 1987 (Table 1). Logs were imported into the
Techlog* software and normalized. Petrophysical properties such as effective porosity (PIGE),
permeability (KINT) and volume of clay (VCL) were calculated and used to determine sand and
shale facies. These properties were later used to populate the geologic model discussed in
Section 1.1.2. Petrophysical results show a reasonable estimate of total porosity and
permeability; however, there is uncertainty on the effective porosity because an empirical
relationship was used to estimate irreducible water.

The petrophysical workflow involved building a model using well log data from NAPA AVE
A/1 calibrated to core data for the same well (TGS, 2019). This workflow was applied to the
other wells within the geologic model in which only well data was available to determine the
porosity and permeability. As shown in Table 1, some of the wells have a limited set of well log
data. The petrophysical property uncertainty around these wells was reduced by calibrating
parameters and multi-well comparisons across different formations. The petrophysical evaluation
focused on the formations included in the geological model from the Garzas formation to the
Precambrian Basement. Petrophysical calculation results are illustrated in cross section Figure 1,
Figure 2, Figure 3.

The minerology around the Mendota site is assumed to be like that from the well - NAPA AVE
A/1 which is approximately 9 miles from the site and penetrates similar formations; however,
there is uncertainty in the lateral continuity of the formations which could result in differences in
the reservoir properties and minerology. This uncertainty will be significantly reduced by
acquiring 3D seismic, logging a comprehensive suite of wireline tools and core data as detailed
in (Schlumberger, Attachment G: Construction Details Clean Energy Systems Mendota, 2019)
from a characterization well drilled in future phases of this project.

VCL logs derived from petrophysical modeling were used to generate a simple lithology log of
sand and shale. VCL log values greater than 30% were considered shale and anything less than
30% VCL was flagged as sand. The resulting facies log is shown in Figure 1, Figure 2, Figure 3
cross sections. Facies definition will be re-evaluated and refined as new well data is added to the
petrophysical model. Figure 4 shows facies thickness maps of the Moreno shale caprock and
First and Second Panoche sand intervals. At Mendota INJ 1, the estimated thickness of the
First Panoche sand is 325 ft and the second Panoche sand 1000 ft. The Moreno shale caprock
seal thickness is estimated at 1000 ft. Within the AoR the thickness of the injection target varies
from approximately 1000-2000 ft. There are multiple overlaying shale formations. The Moreno
shale main seal reaches thicknesses around 500-1700 ft, as show in Figure 4. Regional well data
show Panoche sand targets to be continuous across the modeled area based on well log data as
discussed in Section 2.2 and Section 2.4.2.
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Table 1: Wells used to characterize petrophysical properties within the AoR

Well Name UWI LLE AT eI Spud Date Data Available!
(deg) (deg)

AMBASSADOR NL & F/2 | 4039001440000 | 36.85492 | -120.34239 09-23-1962 SP, DT and Resistivity

B B COMPANY /1 4019207520000 | 36.774431 | -120.334662 04-12-1973 SP, DT and Resistivity

GILL /38-16 4039000460000 | 36.79396 | -120.23433 12-02-1942 SP and Resistivity

KERHY PROPERTIES /1 | 4019216070000 | 36.86941 | -120.21743 01-14-1978 | R, DT, RHOB, NPHI,
Resistivity

NAPA AVE A /1 4019225380000 | 36.75919 | -120.21387 01-24-1987 | R, DT, RHOB, NPHI,
Resistivity and Core

NL & F ARNOLD / 1 4039200320000 | 36.86496 | -120.39371 03-07-1982 SP, DT and Resistivity

SACHS MCNEARNO 1 2 | 4019060420000 | 36.6767 | -120.30546 08-18-1965 SP, DT and Resistivity

SALLABERRY / 1-6 4019215350000 | 36.74573 | -120.26308 07-27-1981 GR, DT, RHOB, NPHI,
Resistivity

STERLING COLEMAN /1 | 4019203700000 | 36.70535 | -120.337582 07-14-1969 SP and Resistivity

YOUNG ETAL/ 1 4019204110000 | 36.66817 | -120.23627 12-19-1969 | DT, RHOB, Resistivity

Mendota_INJ_1

PGEOE] KT | v

PIGECE] whT | = |

Figure 1: N-S Cross Section showing Petrophysical analysis results and wells nearest to
Mendota INJ 1. The tracks show left to right PIGE (Effective Porosity) KINT (Permeability),
MD, Zone log, Sand and Shale Lithologies as calculated from VCL, and Net Lithology values for
Sand and Shale per zone.
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Figure 1.
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Figure 4: Net Thickness maps of Moreno Shale and First and Second Panoche Sands calculated
based on VCL greater than or less than 30%, white diamond denotes Mendota INJ 1.

1.1.1.1. Porosity

The total porosity of the injection zone was determined from either the bulk density or
compressional slowness depending on data availability (Figure 5). The porosity of the Third
and Fourth Panoche sands is lower than that of the First and Second Panoche sands as evident by
the denser, faster log responses seen on the raw logs from all the wells within the geologic
model. Clay volume was estimated from the spontaneous potential or gamma ray log to derive
the clay bound water and with an empirical estimate of irreducible water gave an estimation of
the effective porosity. This effective porosity was distributed into the geomodel. Figure 6 shows
the spatial distribution of the effective porosity across both the injection and confining zones.
The average effective porosity for the injection and confining zones is as shown in Table 2.

1.1.1.2. Permeability

The intrinsic permeability was estimated based on the porosity and lithology of the formation
(Herron, 1987) using the wells around Mendota INJ 1 (Figure 7). The lithology model
consisted primarily of Quartz, Clay and Feldspars based on the core from NAPA AVE A/1. The
relationship of porosity vs permeability is show in (Figure 8). The average permeability of both
the injection and confining zones is shown in Table 2 and Figure 9 shows the spatial variations in
permeability thickness (KH) for the different formations.
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Table 2: Average porosity and permeability of injection and confining zones - average porosity

and permeability of injection and confining zones

Formation Average Porosity (%) | Average Permeability (mD)
Moreno Shale 8 4.7
First Panoche 20 300
Second Panoche 18 290
Third Panoche 12 140
Fourth Panoche 10 87

1.1.1.3. Mineralogy and Geochemistry Analysis
The minerology around the Mendota site is assumed to be similar to that from the well - NAPA
AVE A/1. The core X-Ray Diffraction (XRD) report indicates the presence of Quartz, K-
Feldspar, Plagioclase, Pyrite, Clay and Calcite stringers as shown in Table 3 (California

Department of Conservation, 1998). Expected geochemical reactions to the injected CO, stream
are discussed in the narrative. A more comprehensive analysis is planned using core and
geochemical logs from a characterization well in a future phase of this project.

Table 3: Mineralogy summary from core XRD — NAPA AVE A 1

Depth | Quartz K-Feldspar | Plagioclase | Calcite | Ankerite | Siderite | Pyrite Barite Clay

ft % % % % % % % % %
8200 32 22 35 7
8208 15 10 22 1 45
8222 19 13 20 33
8612 36 20 33 9
8618 20 12 16 25 3 11 9
8751 36 20 33 10

1.1.2. Geocellular Modeling and Volumetrics

In order to estimate the spatial distribution of rock properties between wells, structural surfaces

were used to build the skeleton for a 3D geocellular model. The lateral grid resolution (cell size)

was defined as 400 ft by 400 ft. A finer resolution grid will be considered for future modeling
after incorporation of 3D seismic data. The 3D model was divided into 4 ft layer increments,

and log data from the 10 petrophysical wells was upscaled into the cells along the wellbore. The

upscaled log data (discussed in section 1.1.1) provides the basis for populating the geomodel

properties which include effective porosity, permeability, clay volume and pore volume.
Petrophysical properties were distributed through the model domain using the Gaussian Random

Function Simulation (GRFS) algorithm. This kriging based algorithm was used because it can
generate multiple equiprobable realizations, which is preferred when working with sparse well

data. Before running this simulation, it is necessary to define vertical, major and minor

Schlumberger-Private
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variograms to guide property distribution. Variogram modeling based on petrophysical logs
shows a NE-SW depositional trend, with a vertical resolution of roughly 20 ft. 20 ft is likely
representative of larger depositional changes (for example from high-stand to low-stand sea
level). To capture smaller changes within each depositional cycle, 4 ft layer increments were
defined for each zone. Because modeled zones are based on estimated facies changes, facies
logs were not used as bias in the porosity or permeability models at this time. Facies biasing and
Kriging to 3D seismic data will be considered in future model iterations.

Histograms for porosity and permeability comparing petrophysical logs to upscaled (averaged
based on layer increment) and to full-field simulated properties are illustrated in Figure 5 and
Figure 7. The relationship between porosity and permeability are shown in the Figure 8 cross
plots. Once colored by zone and facies, the distributions show distinguishable separation;
therefore, estimated porosity and permeability ranges can be predicted for the injection and
confining zone. Figure 6 and Figure 9 show the simulated average porosity and simulated
permeability thickness (KH) for each modeled zone is consistent with regional geology and
predicted lithology type. The Moreno shale formation has low porosity and low permeability
which is required to act as an effective seal. The Second Panoche injection zone has high
porosity and permeability throughout the model domain area. Figure 10 shows a 2D view with
Mendota INJ 1 at the center and North-South, East-West transverses. This 3D view shows the
confining and injection zone to be continuous within the model domain, and confining zones
with low porosity are present above and below the Second Panoche target injection zone. Spatial
distributions for porosity, permeability and clay volume are illustrated in Figure 11 through
Figure 16.

The storage capacity of the injection zone was measured in bulk volume ft*. The integrity of the
confining zone is measured based on the thickness of Moreno shale and available core data.
Within a 2.5-mile radius of the Mendota INJ 1, the total pore volume of the Second Panoche
injection zone is calculated using the 3D geocellular model; for each model cell, the porosity was
multiplied by the cell volume. The total pore volume was calculated to be 3.74x10!! ft*. Given
the high porosity and permeability of the Second Panoche, this formation is suitable to receive
the forecasted 350,000tons/year of CO».
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Figure 11: Effective Porosity Model Cross-section (N-S)
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Figure 12: Volume clay model cross-section (N-S)
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Figure 13: Permeability model cross-section (N-S)
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Figure 14: Effective porosity model cross-section (E-W)

80000 25000 20000 15000
g |VShale%

60
50
40
30
20
10

-10000 -5000 0 5000 10000 15000 20000 25000 20000

Z [

-20000 -25000 -20000 -15000 -10000 - 5000 10000 15000 20000 25000 20000 35000 40000 45000 50000

Distance, [fUS]

Figure 15: Volume Shale Model Cross-section (E-W)
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